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SPECIFICATION 

TRANSPARENT CONDUCTIVE FILM AND TRANSPARENT CONDUCTIVE 
BASE MATERIAL UTILIZING THE SAME 

TECHNICAL FIELD 

[0001] This invention relates to a transparent conductive film used in an organic electrolu- 
minescence (EL) element or the like and a transparent conductive base material utilizing this 
transparent conductive film. 
BACKGROUND ART 

[0002] The transparent conductive films have a high conductivity (for example, a resistivity 
of 1 x 10" 3 Q cm or less) and a high transmittance in the visible region and thus are utilized as 
the electrodes of solar cells, liquid crystal display elements and other various light-receiving 
elements, followed by heat wave reflective films used for window glass of cars and buildings, 
various antistatic films, and antifogging transparent heating elements for refrigerating show 
cases. 

[0003] As the transparent conductive films, antimony- or fluorine-doped tin oxide (Sn0 2 ) 
films, aluminum- or gallium-doped zinc oxide (ZnO) films, and tin-doped indium oxide 
(In 2 03) films are widely utilized. In particular, the tin-doped indium oxide films, namely 
In 2 C>3-Sn based films, are referred to as ITO (indium tin oxide) films and are widely used in 
various devices, not to speak of LCDs, because low-resistance transparent conductive films 
are easily obtained. 

[0004] The ITO film is also used as the electrode of the organic EL element. Since the 
organic EL element is such that driving voltage is considerably lowered and thereby its com- 
pact design is facilitated, researches concerning the practical use of the organic EL element as 
a display element of the next generation are actively conducted. The organic EL 
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element is designed so that the lamination of an anode / a light-emitting layer / a cathode is 
fundamentally used and generally, the ITO film is formed as a transparent anode on a 
substrate using a glass plate or the like. Positive holes are injected from the anode and thus 
it is desirable that the work function of the anode is rather high. In this case, a work function 
of at least 4.4 eV is required, but it is desirable to be 5.0 eV or more. However, it is gener- 
ally known that the work function of the ITO film is about 4.4 eV, and this work function is 
not sufficient to use the ITO film as the anode of the organic EL element. 
[0005] Generally, as set forth in Non-Patent References 1 described below, it is necessary to 
give the surface of the ITO film acid cleaning and UV ozone cleaning and to increase the 
work function to approximately 5.0 eV. However, the work function is highly sensitive to a 
processing condition and thus its control is difficult. It is also reported that the work func- 
tion is sometimes returned to a value before processing by leaving the ITO film for a certain 
time. 

Patent Reference 1 described below proposes the organic electroluminescence element in 
which an organic layer containing an organic light-emitting layer is sandwiched between the 
anode and the cathode so that the cathode comprises, in order from a side coming in contact 
with the organic layer, an electron injection electrode layer, a transparent conductive film, and 
a metallic thin film with a resistivity of 1 x 1 0" 5 Q cm or less, laminated one over another and 
a transparent thin film layer is formed outside the cathode. As this transparent thin film 
layer, an amorphous transparent conductive film using an oxide composed of indium (In), 
zinc (Zn), and oxygen (O), namely a so-called IZO film, is used. 

[0006] The IZO film is a stable amorphous film in which not only is the resistivity low, 
but also microcrystals are not contained, and hence is useful for the electrode film of the or- 
ganic EL element. However, the work function of the IZO film is about 4.8-4.9 eV, which is 
not said to be high enough to use the IZO film as the anode of the organic EL element. It 
becomes necessary to improve the work function by surface treatment as in the ITO film. 

As mentioned above, the transparent conductive film which is useful for the anode of the 
organic EL element, high in work function, and high in conductivity has not yet been pro- 



duced, and its development is expected. 

Patent Reference 1 : Japanese Patent Kokai No. Hei 7-1 82924 
Non-Patent Reference 1 : "New development of transparent conductive film IF 5 , 

CMC Press, First edition, p. 203. 
5 DISCLOSURE OF THE INVENTION 

[0007] The object of the present invention is to provide a transparent conductive film which 
combines a low surface resistance with a high work function and is laminated by transparent 
conductive thin films, and a transparent conductive base material using this transparent con- 
ductive film. 

10 [0008] The transparent conductive film which is an amorphous oxide film composed of Ga, 
In, and O and which has a Ga content ranging from 49.1 atom % to 65 atom % with respect to 
all metallic atoms does not yet have sufficiently satisfactory conductivity to be used as the 
transparent electrode of the organic EL element. However, it has the feature that the work 
function is as high as 5. 1 eV or more, and by employing the feature of this high work function, 

15 transparent conductive thin films of at least two layers are laminated in turn on the substrate 
to form laminated films. A first transparent conductive thin film of the uppermost layer is an 
amorphous oxide thin film composed of gallium, indium, and oxygen, and the transparent 
conductive film which has a gallium content ranging from 49.1 atom % to 65 atom % with 
respect to all metallic atoms is used. Whereby, a transparent conductive film in which the 

20 work function is 5.1 eV or more and the surface resistance of the laminated films is 100 Q / □ 
or less can be obtained. The present inventors find this fact to perfect the present invention. 
[0009] Specifically, the transparent conductive film of the present invention comprises 
transparent conductive thin films of at least two layers laminated on the substrate. In this 
case, the first transparent conductive thin film of the uppermost layer is the amorphous oxide 

25 thin film composed of gallium, indium, and oxygen, a gallium content ranges from 49.1 
atom % to 65 atom % with respect to all metallic atoms, the work function is 5.1 eV or more, 
and the surface resistance is 1 00 Q / □ or less. 

[0010] According to the present invention, the surface resistance should preferably be 50 Q 
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/ □ or less, 

[0011] According to the present invention, another transparent conductive thin film formed 
on the substrate side of the first transparent conductive thin film includes any one or more of 
an amorphous oxide thin film composed of indium, tin, and oxygen; of indium, zinc, and 
5 oxygen; of indium, tungsten, and oxygen; and of indium, tungsten, zinc, and oxygen. 

[0012] According to the present invention, the thickness of the first transparent conductive 
thin film is 5 nm or more and the total film thickness of laminated transparent conductive thin 
films is 300 nm or less. 

[0013] According to the present invention, an arithmetic mean height (Ra) of the surface of 

10 the first transparent conductive thin film is 2.0 nm or less. 

[0014] The transparent conductive base material according to the present invention includes 
a transparent substrate selected from among a glass plate, a quartz plate, a resin plate or a 
resin film whose one or both surfaces are coated with gas barrier films, and a resin plate or a 
resin film into which the gas barrier film is inserted, and the transparent conductive film 

15 formed on one or both surfaces of the transparent substrate. 

[0015] According to the present invention, the gas barrier film is at least one selected from 
among a silicon oxide film, a silicon oxide-nitride film, a magnesium aluminate film, a tin 
oxide-based film, and a diamond-like carbon film. 

[0016] According to the present invention, the resin plate or the resin film is formed of 
20 polyethylene terephthalate (PET), polyether sulfone (PES), polyarylate (PAR), or polycar- 
bonate (PC), or has a lamination structure in which its surface is coated with acrylic-based 
organic matter. 

[0017] The transparent conductive film of the present invention comprises laminated films 
in which transparent conductive thin films of at least two layers are laminated in turn on the 
25 substrate. The transparent conductive thin film of the uppermost layer is the amorphous ox- 
ide thin film composed of gallium, indium, and oxygen and the transparent conductive film 
which has a gallium content ranging from 49.1 atom % to 65 atom % with respect to all me- 
tallic atoms is used. Whereby, it becomes possible to obtain the transparent conductive film 
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in which the work function is 5.1 eV or more and the surface resistance is 100 Q / □ or less 
that formerly has never been attained. 

In particular, when the transparent conductive film is used as the anode of the organic EL 
element or the like, the injection of positive holes become easy. As a result, the transparent 
conductive film is capable of improving the light-emitting efficiency of the organic EL ele- 
ment and this is useful. 

[0018] The transparent conductive base material of the present invention is obtained by 
forming the transparent conductive film of the present invention after the gas barrier film is 
formed, when the necessity arises, not only on a glass substrate or a quartz substrate but also 
on a resin substrate that has no heat resistance or a flexible resin film substrate. Hence, in 
any shape and contour of the device, the transparent conductive base material can be utilized 
as the base material of a flexible transparent organic EL element using the resin film substrate. 
This is extremely high in the value of industry. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] Fig. 1 is a sectional view showing a fundamental structure of the transparent con- 
ductive base material in which the transparent conductive film is formed on a substrate. 

Fig. 2 is a sectional view showing a fundamental structure of the transparent conductive 
base material in which the gas barrier film is formed on the substrate and the transparent 
conductive film is formed on the gas barrier film. 
BEST MODE FOR CARRYING OUT THE INVENTION 

[0020] The transparent conductive film according to the present invention comprises lami- 
nated films in which transparent conductive thin films of at least two layers are laminated in 
turn on the substrate. The transparent conductive thin film of the uppermost layer is the 
amorphous oxide thin film composed of gallium, indium, and oxygen, a gallium content 
ranges from 49. 1 atom % to 65 atom % with respect to all metallic atoms, the work function 
is 5.1 eV or more, and the surface resistance of the laminated films is 100 Q / □ or less. 
When the gallium content is below 49.1 atom % 5 the work function is reduced, and beyond 65 
atom %, a sufficient conductivity for the conductive film is not obtained. 



[0021] It is desirable that another transparent conductive thin film laminated on the sub- 
strate side of the transparent conductive thin film of the uppermost layer includes any one or 
more of an amorphous oxide thin film composed of indium, tin, and oxygen; of indium, zinc, 
and oxygen; of indium, tungsten, and oxygen; and of indium, tungsten, zinc, and oxygen. 
5 [0022] .The four types of transparent conductive thin films mentioned above are deposited at 
room temperatures and thereby an amorphous thin film exhibiting a low resistivity of the or- 
der of 1 x 10^ Q cm can easily be obtained. In particular, the amorphous oxide thin film 
composed of indium, zinc, and oxygen, the amorphous oxide thin film composed of indium, 
tungsten, and oxygen, and the amorphous oxide thin film composed of indium, tungsten, zinc, 
10 and oxygen are nearly perfect amorphous films such that microcrystals are not virtually con- 
tained. Each of these films, therefore, is further favorable for the electrode of the organic EL 
element which rejects the surface roughness of the film caused by the existence of the micro- 
crystals. 

[0023] In the laminated films, it is desirable that the transparent conductive thin film of the 
15 uppermost layer has a thickness range from 5 nm to 50 nm and the total thickness of the 
laminated films is 300 nm or less. If the thickness of the transparent conductive thin film of 
the uppermost layer is below 5 nm, a stable, high work function cannot be obtained. On the 
other hand, beyond 50 nm, when a first layer (the uppermost layer) is laminated on the trans- 
parent conductive thin film of each of a second layer and succeeding layers, the proportion of 
20 the film thickness of the uppermost layer to the total thickness of the laminated films is in- 
creased to cause a high resistance. If the total thickness of the laminated films is beyond 300 
nm and the first layer (the uppermost layer) is laminated on the transparent conductive thin 
film of each of the second layer or succeeding layers, the transparent conductive thin film of 
each of the second layer and succeeding layers becomes so thick that coloration occurs and a 
25 sufficient transmittance cannot be obtained. Below 100 nm, the surface resistance of the 
laminated films is increased and thus it is desirable that the total thickness of the laminated 
films is 1 00 nm or more. 

[0024] It is desirable that the arithmetic mean height (Ra) of the surface of the transparent 
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conductive thin film of the first layer is 2.0 nm or less. It is further desirable that the height 
is 1 .0 nm or less. If the arithmetic mean height (Ra) of the surface of the transparent con- 
ductive thin film of the first layer is beyond 2.0 nm, for example, when this film is used as the 
electrode of the organic EL element, a leak is caused at the convexity of the electrode, and 
hence the problem arises that many dark spots are produced on the organic EL element. 
This is unfavorable. 

[0025] The transparent conductive base material of the present invention is provided in such 
a way that the transparent conductive film of the present invention is formed on the surface of 
the transparent substrate. 

As the transparent substrate, a glass plate, a quartz plate, a resin plate or a resin film 
whose one or both surfaces are coated with gets barrier films, or a resin plate or a resin film 
into which the gas barrier film is inserted is used. 

The resin plate or the resin film is higher in gas transmittance than the glass plate, and the 
light-emitting layer of the organic EL element or the inorganic EL element and the liquid 
crystal layer of an LCD are deteriorated by moisture and oxygen. It is thus desirable that 
when the resin plate or the resin film is used as the substrate of such a display element, the gas 
barrier film that blocks the passage of a gas is applied. 

[0026] The gas barrier film may be formed on one surface of the resin plate or the resin film, 
and when it is formed on both surfaces, the blockage of the gas passage becomes more fa- 
vorable. The gas barrier film is formed on one surface of the resin plate or the resin film, 
and another resin plate or resin film is laminated on this gas barrier film. Whereby, a struc- 
ture that the gas barrier film is inserted between resin plates or resin films can be obtained. 
Moreover, lamination can be repeated a plurality of times. 

[0027] The resin plate or the resin film is formed of polyethylene terephthalate (PET), poly- 
ether sulfone (PES), polyarylate (PAR), polycarbonate (PC), or has a lamination structure in 
which the surface of this material is coated with acrylic-based organic matter. The thickness 
of the resin plate or the resin film is properly selected in accordance with specific applications 
to be described below. 



[0028] It is desirable that the gas barrier film is at least one selected from among particular 
films: a silicon oxide film, a silicon oxide-nitride (SiON) film, a magnesium aluminate film, a 
tin oxide-based film, and a diamond-like carbon (DLC) film. Here, the tin oxide-based film 
has a composition containing an element of at least one kind selected from among Si, Ce, and 
Ge, added to tin oxide. A tin oxide layer is amorphized by such an additive element so that a 
dense film is formed. The transparent conductive film may be formed on the substrate of a 
structure that at least one gas barrier film selected from among the particular films: the silicon 
oxide film, the silicon oxide-nitride film, the magnesium aluminate film, the tin oxide-based 
film, and the diamond-like carbon film and an organic or polymer film are alternately repeat- 
edly laminated on the surface of the resin substrate or the resin film. 
Embodiments 

[0029] In accordance with Figs. 1 and 2, the structures of embodiments will be described. 

Fig. 1 is a sectional view showing the fundamental structure of the transparent conductive 
base material used in Embodiments 1-6. A transparent conductive film 1 is fabricated which 
has the lamination structure including a transparent conductive thin film 20 and a transparent 
conductive thin film 10 composed of gallium, indium, and oxygen, laminated in turn on a 
glass substrate (7059 substrate by Corning Inc.) 50. The transparent conductive thin films 
10 and 20 are deposited through a direct-current magnetron sputtering method by using an 
SPF-530H sputtering device made by ANELVA Corporation. The transparent conductive 
thin films 10 and 20 are also deposited by adjusting the time so that preset film thicknesses 
are reached, using a gas mixture of argon and oxygen, at an output of 200 W under the condi- 
tions of a gas pressure of 0.5 Pa and a proportion of an oxygen flow rate of 1 .5-2.5 %. 
[0030] Fig. 2 is a sectional view showing the fundamental structure of the transparent con- 
ductive base material used in Embodiment 7. A silicon oxide-nitride film with a thickness 
of 100 nm is previously formed as a gas barrier film 30 on a substrate 51 formed of a PES 
film with a thickness of 200 jam, and the transparent conductive film 1 that is the same as in 
Embodiments 1-6 is formed on the gas barrier film 30. 

The work function of the transparent conductive film 1 thus obtained is measured in the 
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atmosphere by a photoelectron spectrometer (AC-2 by Riken Keiki Co., Ltd.). The surface 
resistance of the film is measured by the 4-pin probe technology of a resistivity meter, Lore- 
sta-EP (MCP-T360 by Dia Instruments Co., Ltd.). The surface roughness of the film is 
measured by an atomic force microscope (NS-III, D5000 System by Digital Instruments Co., 
Ltd.). The light transmittance of the film containing the substrate 51 is measured by a spec- 
trophotometer (U-4000 by Hitachi, Ltd.). 

[003 1] In Embodiments 1-3, the transparent conductive thin film 20 is formed as an In 2 03 - 
1 wt % WO3 amorphous film with a thickness of 150 nm, and the transparent conductive thin 
film 10 is formed as an amorphous film with a thickness of 10 nm, composed of gallium, in- 
dium, and oxygen, to change the gallium content. In Embodiments 4-6, the transparent 
conductive thin film 1 0 is formed as an amorphous film with a thickness of 10 nm, composed 
of gallium whose content is 50 atom %, indium, and oxygen, and the transparent conductive 
thin film 20 is formed as one selected from among an In20 3 - 1 0 wt % SnC>2 amorphous film, 
an ln 2 0 3 - 10 wt % ZnO amorphous film, and an ln 2 0 3 - 1 wt % WO3 - 0.5 wt % ZnO amor- 
phous film, each with a thickness of 1 50 nm, and is combined with the transparent conductive 
thimfilm 10. 

[0032] In Embodiments 7 and 8, the transparent conductive thin film 10 is formed to have a 
thickness of 5 nm and a gallium content of 50 atom %, while the transparent conductive thin 
film 20 is formed as an ln 2 0 3 - 1 wt % WO3 amorphous film with a thickness of 1 50 nm, and 
the gas barrier film 30 is sandwiched between the transparent conductive film 1 and the sub- 
strate. Various values of the work functions and the surface resistances in Embodiments 1 -9 
are shown in Table 1 . 



[0033] Table 1 





Thin film 10 


Thin film 20 


Film evaluation 




Thick 


Gallium 


Thick 


Film composition 


Work 


Surface 


Arithmetic 


Visible region 




-ness 


content 


-ness 




function 


resistance 


mean height Ra 


mean transmittance 




nm 


atom % 


nm 




eV 


o/d 


nm 


% 


Embodiment 1 


10 


49.1 


150 


ln 2 0 3 -lwt%W03 


5.19 


24.3 


0.74 


83.8 


Embodiment 2 


10 


50 


150 


ln 2 O.Hv\t%WO ? 


5.34 


24.5 


0.76 


83.6 


Embodiment 3 


10 


65 


150 


ln 2 Ov1wt%WO., 


5.33 


24.9 


0.76 


83.5 


Embodiment 4 


10 


50 


150 


In 2 O,-10wt%SnO 2 


5.29 


32.5 


1.58 


84.1 


Embodiment 5 


10 


50 


150 


In 2 OH0wt%ZnO 


5.30 


24.6 


0.71 


83.2 


Embodiment 6 


10 


50 


150 


ln 2 0,- 1 wt%WO 3 -0 .5wt%ZnO 


5.35 


24.4 


0.81 


83.5 


Embodiment 7 


5 


50 


150 


In 2 0,-lwt%WO, 


5.12 


24.5 


0.74 


83.1 


Embodiment 8 


10 


50 


290 


ln 2 0,-iwt%W0 3 


5.20 


12.7 


1.18 


80.5 


Embodiment 9 


10 


50 


150 


ln 2 OHwt%W0 3 


5.20 


25.6 


0.79 


81.2 



[0034] Embodiments 1-3 

The transparent conductive thin film 10 is formed as an amorphous film with a thickness 
of 10 nm, composed of gallium, indium, and oxygen, and three kinds of compositions are 
20 provided so that gallium contents are 49. 1 , 50, and 65 atom %, respectively, with respect to all 
metallic atoms. The transparent conductive thin film 20 is formed as an In2C>3 - 1 wt % WO3 
amorphous film with a thickness of 1 50 nm. 

As seen from Embodiments 1-3, when the gallium content of the transparent conductive 
thin film 10 is in the range of 49.1 to 65 atom %, the transparent conductive film 1 with a 
25 work function of 5. 1 eV or more and a surface resistance of 50 Q / n or less can be attained. 
[0035] Embodiments 4-6 

The transparent conductive thin film 10 is formed as an amorphous film with a thickness 
of 10 nm, composed of gallium, indium, and oxygen, and only one kind of composition is 
provided so that the gallium content is 50 atom % with respect to all metallic atoms. The 
30 transparent conductive thin film 20 is formed as one selected from among an hv^Cb - 1 0 wt % 
Sn0 2 amorphous film, an In 2 C>3 - 10 wt % ZnO amorphous film, and an In203 - 1 wt % WO3 - 
0.5 wt % ZnO amorphous film, each with a thickness of 1 50 nm. 

As seen from Embodiments 4-6, when the transparent conductive thin film 10 with a 
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thickness of 10 nm and a gallium content of 50 atom % is combined with the transparent 
conductive thin film 20 formed as one selected from among the ln 2 0 3 - 1 0 wt % Sn02 amor- 
phous film, the ln 2 0 3 - 10 wt % ZnO amorphous film, and the ln 2 0 3 - 1 wt % W0 3 - 0.5 wt % 
ZnO amorphous film, each with a thickness of 150 nm, the transparent conductive film 1 with 
a work function of 5. 1 eV or more and a surface resistance of 50 Q / □ or less can be attained. 
[0036] Embodiment 7 

The transparent conductive thin film 10 is formed as an amorphous film with a thickness 
of 5 nm, composed of gallium, indium, and oxygen, and only one kind of composition is pro- 
vided so that the gallium content is 50 atom % with respect to all metallic atoms. The trans- 
parent conductive thin film 20 is formed as an ln 2 0 3 - 1 wt % W0 3 amorphous film with a 
thickness of 1 50 nm. 

As seen from Embodiment 7, even when the transparent conductive thin film 10 is as thin 
as 5 nm, the transparent conductive film 1 with a work function of 5.1 eV or more and a sur- 
face resistance of 50 Q / □ or less can be attained. 
[0037] Embodiment 8 

The transparent conductive thin film 1 0 is formed as an amorphous film with a thickness 
of 10 nm, composed of gallium, indium, and oxygen, and only one kind of composition is 
provided so that the gallium content is 50 atom % with respect to all metallic atoms. The 
transparent conductive thin film 20 is formed as an ln 2 0 3 - 1 wt % W0 3 amorphous film with 
a thickness of 290 nm. 

As seen from Embodiment 8, even when the total film thickness is increased to 300 nm, 
the transparent conductive film 1 with a work function of 5.1 eV or more and a surface resis- 
tance of 50 Q / □ or less is obtained. The mean transmittance in the visible region is beyond 
80 % and there is no problem of coloration even at a visual level. 
[0038] Embodiment 9 

A silicon oxide-nitride film with a thickness of 1 00 nm is previously formed as a gas bar- 
rier film on a PES film substrate with a thickness of 200 |im, and the transparent conductive 
film 1 of the same structure as in Embodiment 2 is formed on the gas barrier film. 
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From Embodiment 9, it is seen that even in the use of a resin film that the gas barrier film 
30 is previously formed on the substrate, the transparent conductive film 1 with a work func- 
tion of 5. 1 eV or more and a surface resistance of 50 Q / □ or less is obtained. 
[0039] Comparative examples 1-5 

The transparent conductive base material of the same structure as in Embodiments 1-6 is 
fabricated. 

In Comparative examples 1-3, the transparent conductive thin film 20 is formed as an 
In203 - 1 wt % WO3 amorphous film with a thickness of 150 nm, and the gallium content of 
the transparent conductive thin film 10 with a thickness of 10 nm is changed. In Compara- 
tive examples 4-5, the transparent conductive thin film 10 is formed to have a thickness of 3 
nm and a gallium content of 50 atom % and the transparent conductive thin film 20 is formed 
as an ln 2 0 3 - 1 wt % WO3 amorphous film with a thickness of 150 nm, while the transparent 
conductive thin film 10 is formed to have a thickness of 10 nm and a gallium content of 50 
atom % and the transparent conductive thin film 20 is formed as an In 2 C>3 - 1 0 wt % Sn0 2 
amorphous film with a thickness of 300 nm. Various values of the work functions and the 
surface resistances in Comparative examples 1 -5 are shown in Table 2. 
[0040] Table 2 





Thin film 10 


Thin film 20 


Film evaluation 




Thick 


Gallium 


Thick 


Film composition 


Work 


Surface 


Arithmetic 


Visible region 




-ness 


content 


-ness 




function 


resistance 


mean height Ra 


mean transmittance 




nm 


atom % 


nm 




eV 


O/D 


nm 


% 


Comparative example 1 


10 


30 


150 


In 2 0 3 -lwt%W0 3 


4.88 


24.4 


0.75 


83.9 


Comparative example 2 


10 


45 


150 


In 2 0 3 -lwt%W0 3 


4.97 


24.6 


0.74 


83.6 


Comparative example 3 


10 


70 


150 


In 2 0 3 -lwt%W0 3 


5.32 


unavailable 


0.71 


83.2 


Comparative example 4 


3 


50 


150 


In 2 0 3 -lwt%W0 3 


4.96 


24.5 


0.77 


83.1 


Comparative example 5 


10 


50 


340 


ln 2 O 3 -l0wt%SnO 2 


5.32 


10.8 


3.55 


76.1 



[0041] In Comparative examples 1-3, the transparent conductive thin film 10 is formed as 
an amorphous film with a thickness of 1 0 nm, composed of gallium, indium, and oxygen, and 
three kinds of compositions are provided so that gallium contents are 30, 45, and 70 atom %, 
respectively, with respect to all metallic atoms. The transparent conductive thin film 20 is 
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formed as an In2C>3 - 1 wt % WO3 amorphous film with a thickness of 1 50 nm. 

As seen from Comparative examples 1 and 2, when the gallium content of the transparent 
conductive thin film 1 0 is reduced to 45 atom % and further to 30 atom %, the work function 
becomes less than 5.0 eV 5 which is unfavorable. As seen from Comparative example 3, 
when the gallium content of the transparent conductive thin film 10 is increased to 70 atom %, 
the conductivity is lost, which is unfavorable. 

[0042] In Comparative example 4, the transparent conductive thin film 1 0 is formed as an 
amorphous film with a thickness of 5 nm, composed of gallium, indium, and oxygen, and 
only one kind of composition is provided so that the gallium content is 50 atom % with re- 
spect to all metallic atoms. The transparent conductive thin film 20 is formed as an ln 2 03 - 
1 wt % WO3 amorphous film with a thickness of 1 50 nm. 

As seen from Comparative example 4, when the thickness of the transparent conductive 
film 10 is reduced to 3 nm, the work function becomes less than 5.0 eV, which is unfavorable. 
[0043] In Comparative example 5, the transparent conductive thin film 10 is formed as an 
amorphous film with a thickness of 50 nm, composed of gallium, indium, and oxygen, and 
only one kind of composition is provided so that the gallium content is 50 atom % with re- 
spect to all metallic atoms. The transparent conductive thin film 20 is formed as an In 2 03 - 
1 0 wt % SnC>2 amorphous film with a thickness of 300 nm. 

As seen from Comparative example 5, when the thickness of the transparent conductive 
thin film 10 is increased to 50 nm and the thickness of the transparent conductive thin film 20 
is increased to 300 nm, namely the thickness of the lamination film to 350 nm, a work func- 
tion of 5.1 eV or more and a good conductivity that is appreciably less than 50 Q / □ can be 
obtained. However, film coloration is recognized at the visual level and transparency is im- 
paired. As such, this is unfavorable for the transparent electrode used in the organic EL ele- 
ment or the like. 
INDUSTRIAL APPLICABILITY 

[0044] In particular, when the transparent conductive film of the present invention is used as 
the anode of the organic EL element or the like, the injection of positive holes become easy. 
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As a result, the light-emitting efficiency of the organic EL element can be improved, which is 
useful. 

The transparent conductive base material of the present invention is obtained by forming 
the transparent conductive film of the present invention after the gas barrier film is formed, 
5 when the necessity arises, not only on a glass substrate or a quartz substrate but also on a resin 
substrate that has no heat resistance or on a flexible resin film substrate. Hence, in any 
shape and contour of the device, the transparent conductive base material can be utilized as 
the base material of a flexible transparent organic EL element using the resin film substrate 
and this is extremely high in the value of industry. 
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